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SUMMARY 



An investigation was made in the LI.IAL 7- by 
10-foot tunnel of a 0.7-scals model of the vertical 
tail surface of the Grumman XP6p airplane. The model 
was also utilized for a more general investigation of 
the effect on the hinge -moment characteristics of 
shielded horns of different chords, spans, and nose 
shapes and of trimming tabs of two nose shapes. An 
unshielded horn was tested for comparison with the 
shielded horn, and the results of the comparison are 
given. 

Analysis of the data showed that for most tail 
surfaces it will be impossible to obtain by means of 
shielded horns a closely balanced surface and keep the 
rate of change of hinge-moment coefficient with angle of 
attack near zero without the addition of some other 
balancing device. With shielded horns, the rate of 
change of hinge-moment coefficient with rudder deflection 
could be reduced to about 5^ percent of the unbalanced 
value without obtaining a positive value of the rate of 
change with angle of attack large enough to give steady 
oscillations of the airplane v;ith free rudder . Pressure- 
*dis tribution and tuft tests were made of the flow over 
horns of two nose shapes. Lower peak pressures and con- 
sequently higher critical speeds were obtained for the 
medium-ncse horn than for the blunt-nose horn. The 
tests of the two trimming tabs showed that the shape of 
the tab nose made very little difference in the results. 
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INTRODUCTION 



Tests were made in the LMAL 7- by 10-foot tunnel of 
a 0,7-scale model of the XP6p vertical tail surface. 
These tests were undertaken to obtain data for use in • 
the design of shielded horns in general and to obtain 
data useful for the XFoF vertical tail in particular. 
Additional tests were made to determine tab character- 
istics for two different tabs and flow characteristics 
over several of the shielded horns. 

The various shielded horn balances tested included 
models of the original horn on the XF6F airplane and of 
shielded horns of *" four chords, each of which was tested 
with two different spans and nose shapes. The variation 
in horn size covers the range from no balance to over- 
balance. Flow characteristics were determined by tuft 
tests of two of the smaller horns and pressure-distribution 
tests of two of the larger horns. The pressure- 
distribution data show the local velocity distribution of 
the two nose shapes tested. For convenience, the term 
"shielded horn" will generally be referred to as "horn; 11 
followed by a designation to indicate the horn size and 
nose shape. 

Tests were made of an unshielded horn balance to 
determine whether any correlation between shielded and 
unshielded horns was* possible . These tests were also 
the logical extension of those of the short-span shielded 
horns • 

Characteristics of the tab were determined in order 
to have information useful in the design of any balancing 
or unbalancing device that uses tabs, as well as to have 
the characteristics of the particular trimming tabs 
tested. A round-nose tab of the same plan form and size 
as the original tab was tested to determine the varia- 
tions in characteristics, if any, from the original tab. 
The round-nose tab represented the type of tab usually 
used on wind-tunnel models. Both tabs were tested 
sealed and unsealed. 

APPARATUS AND METHODS 

The model was mounted vertically in the LMAL 7- ^7 
10-foot tunnel with one end adjacent to the floor of the 
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tunnel, which acted as a reflection plane. (See figs, 1 
and 2.) The model was supported entirely by the balance 
frame (fig. 1) with a small clearance at the" tunnel floor 
in order that all the forces and moments acting on the 
^ model could be measured. Provisions were made for 

ltn changing the angle of attack of the model and the-deflec- 

h tion of the rudder while the tunnel was in operation. 

The hinge moments of the moving surfaces were measured by 
means of electrical strain gages mounted within the model, 
and the rudder deflections were measured by an electrical 
position indicator attached to the rudder and mounted 
within the surface. For the pressure-distribution tests, 
the pressures were recorded photographically from a 
multiple -tube manometer located outside the tunnel. 

The 0.7-scale model of the XF^F vertical tail sur- 
face was built by the National Advisory Committee for 
Aeronautics and conformed to the dimensions of figure 3. 
The airfoil sections used (fig. ?) were modified 
HACA l6-series airfoils with the portion rearward of the 
rudder hinge line faired to a flat contour. The tip 
contour was changed somewhat from the shape used on the 
airplane in that it v/as built with semicircular sections 
through the tip to allow for changing the horn shape and 
size easily. The trailing edges of the cover plates 
were 0.6l inch ahead of the rudder hinge line from the 
root section to station 1+7-93 a ^d tapered from 0.6l inch 
at station 1; 7 • 93 to O.35 inch at the" tip. The rudder 
was sealed with a flexible seal for most of the tests; 
the hinges, however, were not sealed. Some geometric 
characteristics of the model are given in the table in 
figure J • 

Several different arrangements of shielded horn 
balances were made for the model and are shown in fig- 
ure l+. Horn 2-a (fig. l+(i)) represents the horn on the 
XF6F airplane with the exception of the tip fairing. 
The other shielded horns were tested with two different 
nose shapes. The blunt-nose horns are of airfoil con- 
tour from the hinge line to the point of tangency with 
the leading-edge radius. The medium nose shapes were 
made to the ordinates given in table I. The variations 
tested included horns of four chords and two spans and 
cover the range from no balance, plain rudder, to a con- 
dition of overbalance. The gap between the horn nose 
and fin extension was similar to the one on the airplane 
for horn 2-a and was maintained for all other horn ar- 
rangements. The gap-between the inboard end of the horn 
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and fin v/as 0.22 inch, which corresponds to the gap on 
the XF6F vertical tail, 

The unshielded horn tested is shown in figure 5 an d 
was made to the same span as horns 1, 2, and 7- ^he 
shape of the horn is the same as the airfoil tip shape 
and has 'the same gap between the horn and fin as the 
shielded horns 0 

The plan form and geometric characteristics of the 
tabs tested are given in figure 3 and the sections of the 
tabs -are given in figure 6. The orig-inal tab represents 
the tab on the XF6f rudder. The leakage through the 
piano hinge v/as simulated by a piece of gauze. The 
round-nose tab was constructed as shown in figure 6 and 
had provisions for sealing. Both tabs were sealed with 
a flexible seal for some tests. 

Horns 8-a and 8~b were modified for pressure- 
distribution tests by placing a row of orifices 
5.97 inches from the inboard end of the horn,, as fchown 
in figure 7, The oa^r^wise locations of ''"he orifices 
are given in figure 7 n r d are the same for? both horns* 
except that ori^Joe 1 on horn 8-a was elimir*a t-xi Xroja 
horn 8-b. These or if ces were connec'ced to copper tubes 
that were in turn connected to leads from the m :v rcber. 
The copper tubes were kept within the model until they 
were a few inches from the tunnel floor. When pressure- 
distribution tests were made, time was allowed for 
conditions in the tunnel and for the manometer to become 
.stable before the pressures were photographed. 

A dynamic pressure of 16.37 pounds per square foot, 
which corresponds to a velocity of about 80 miles per 
hour and to a test Reynolds number of about 2,300,000 
based on the model mean chord of J.l6 feet, was main- 
tained for nearly all tests. In some cases it was not 
possible to maintain the dynamic pressure at 1 6 . 9 7 pounds 
per square foot because of the high drag at large angles 
of attack ana rudder deflections, for which the dynamic 
pressure was decreased and corresponding corrections were 
made in the computations. 



RESULTS AMD DISCUSSION 
Coefficients and Symbols 

vo The coefficients and symbols used in the report are 

[p\ defined as follows: 

C L lift coefficient (L/q 0 S) 

C D drag coefficient (D/q Q 3) 

Cj^ induced-drag coefficient 

C m pitching-moment coefficient (M/q 0 3c) 

Cyi hinge -moment coefficient (H/q 0 bc ) 

P pressure coefficient r(p-P 0 )/q 0 J 

L lift of model 

D drag of model 

M pitching moment about mounting-axis center line 

H moment about control-surface hinge line 

S area 



dynamic pressure of free air stream ( — pV 0 ^ ] 

K 2 J 



b span 

c chord (for movable surfaces, measured from 
hinge line to trailing edge) 

c f mean chord 

c" root -mean-square chord 

B balance coefficient f^H^H f /-r c r ' ) 

p static pressure at an orifice 

p Q static pressure of free air stream 

p mass density of air 
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V local velocity at a point 

V Q free-stream velocity 

a angle of attack of model 

6 control-surface deflection relative to surface 

to which control surface is hinged, positive 
when trailing edge is moved left 



W a>6 



c 



L 



L 5 



'6c 



L 



a \oa 



6 r ,§t 



'6C L 



ACv, Ch of rudder with shielded hern - Oh of 
plain rudder 

AC>, Cvv of rudder with shielded horn - Ch„ of 

plain rudder 

All parameters have an angle range of about -5 0 . 
Subscripts j 
r rudder 
t tab 
H horn 

Symbols or coefficients without subscript refer to 
complete vertical tail surface. 
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Corrections 



H 



All the coefficients have been corrected for the 
effect of the jet boundaries. No corrections have been 
made for the effect of gap between the root section and 
the floor or the leakage around the support strut. The 
over-all corrections applied (by addition) to the tunnel 
data are as follows.: 



where 



A a 


= ''^corrected (in de ^ 


ACr 


s -0.012C L 






= 0.023JG L 2 






= o.ooli47C L 




AC h 


= *c L 




Horn 


k 


None - • 
l 

2 

Unshielded , 


0 . OO85 

.0083 
.0080. . 
.0075 
.0062 
.0077 
.0067 
. .0078 
.0072 
.0065. 



The results of the pressure-distribution t< 
been corrected as described. 



sts have not 



The results of this investigation represent the 
aerodynamic characteristics of & steals pan tail surface 
and will have to be changed to the proper aspect ratio 
if applied to a vertical tail surface. The effect of 
the horn and of tab deflection on the hinge -moment 
characteristics should, however, be applicable go any 
control surface cf similar plan form without correction 
for aspect ratio. The absolute values of hinge-moment, 
lift, and drag coefficients should, however, be corrected 
if applied to a vertical tail surface for the purpose of 
estimating airplane characteristics. 
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Plain Rudder 

Tests were made of the plain rudder to obtain a 
basis for the effect of the horns on the hinge-moment 
characteristics. These tests included tests of the 
rudder unsealed (fig. 8) and tests of the rudder sealed 
(fig. 9). Sealing the rudder had no effect on the lift 
characteristics but did change the value of from 
-O.OO&h. to -O.OO77. °r 

Tests were made of the sealed rudder to determine 
the effect of fixing the transition at or near the 
leading edge of the^surface (fig. 10). The transition 
was fixed by roughening the first 5 percent of the fin 
with No. 60 emery dust. The main effects of thorough- 
ness were to decrease slightly the slope of the lift 
curve C T , to decrease the effectiveness of the 

rudder C L , and to decrease the maximum lift coef- 
r 

ficient. The hinge-moment characteristics were not 
appreciably affected by roughening the leading edges of 
the fin. 

Shielded Horns 

Original 'horn. - The results of the tests of the 
original horn : (horn 2-a) are presented in figure 11. 
This horn represented the horn on the XFoF vertical tail 
exceot for the shape through . the tip. A few tests were 
made^ of a horn of the same size and nose shape except 
that the radius on the outboard leading edge was elimi- 
nated, with the result that this horn had the same plan 
form as the other horns tested. The data of this modi- 
fication were not noticeably different from the data of 
horn 2-a and are therefore not presented. 

Modified horns.- The hinge-moment characteristics 
(fir. ~12) indicate that the addition of the horn results 
in a positive increase in the slope of the hinge-moment- 
coefficient curves for both a and 5 r throughout the 
una tailed range of a or 5 r . The curves of hinge - 
moment coefficient against rudder deflection show no 
discontinuity when the horn unports, that is, when the 
chord line of the horn projects beyond the surface of 
the fin. Comparison of increments of hinge-moment coef- 
ficient for any of the various horns shows that the 
increment is linear with rudder deflection or angle of 
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attack through the unstalled range, A comparison of 
the individual curves of figures 12(a) and 12(b) indi- 
cates that, although the use of some of the larger horns 
gives a large positive increase in Ch over the 

small deflection range, the values of 0w for these 

horns in the stalled range with large rudder deflection 
are increased. 

In order to obtain a more comprehensive comparison 
of the shielded horns, the values of ACv, and AO n 

°r 

were plotted against balance coefficient B of 
reference 1 in figure 13 . The curves for the unshielded 
horns of reference 1 have been included for comparison. 
The data of figure 13 indicate that the values of AC h 

and ACy> increase evenly with balance coefficient. 

The values of ACj* are independent of nose shape for a 
given value of E, but the values of AC- n are larger 

for the blunt nose than for the medium nose. The values 
of AC]o for the shielded horns are about 60 percent as 

great as for the unshielded horns in the range tested. 
The values of ACh r a ^e less for the shielded horns 

for values of B; below 0.35 but are higher than for the 
unshielded horns for values of B greater than 0.3?. 

A comparison of the lift characteristics for several 
arrangements of shielded horns (table II) indicates that 
there are only small changes in C T and Ct with 

^'a ^Sp 

horn shape or size. A large part of the variations 
shown may be the result of experimental error. The test 
data eve not presented for the lift characteristics, 
which were very similar to the characteristics of the 
plain rudder. The nose shape of the horn had little 
effect on the value of Cj s taken from deflections 

of *10°, t, u t the medium nose in some cases gave a value 
of ^Lg, based on deflections of *lj_ 0 about 5 to 

10 percent less than those based on deflections of ±10°. 
This effect was, however, limited to small deflections 
and did not affect the values of (V at large values 
of 5 p • 
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Complete force tests were made of the XF6F vertical 
tail with horns 8-a and 8-b to determine the character- 
istics of a horn giving closer "balance than horn 2-a. 
The results of these tests are presented in figures 1I4. 
and 15 and can be used to estimate the hinge-moment- 
coefficient curves for other horns by interpolating 
between the values for horn 8 and horn 2 and/or the plain 
rudder from the curves of figure 13 ♦ 

Dynamic -stability estimates . - Closely balanced 
rudders are desirable, but balancing the XFoF rudder with 
a shielded horn leads to a positive value of Ch . The 

oscillatory characteristics of the XF6f airplane were 
estimated by the method of reference 2. It was assumed 
that the rudder had no moment of inertia and that the 
rudder was mass-balanced, although the rudder was known 
to have some mass overbalance on the airplane. The 
assumption of no inertia tends to overestimate the stabi- 
lizing effect on the oscillations whereas the assumption 
that the rudder is mass-balanced tends to underestimate 
the effect. (See reference 2.) It appears that all 
of the horns except 6 and 8 would fall in the completely 
damped region; all of the horns except J, 6, and 8 could 
be further balanced by use of balancing tabs without 
going out of the region of complete damping. 



From reference 2 it appears that if the rudder is to 
be closely balanced - that is, Ch approaches zero - 

Cv> must be held near zero if complete damping is to be 

obtained. A comparison of the values of ^h a 

and AC-h at a constant value of 3 from figure 13 

indicates that ACh increases about seven-tenths as 
fast as ACft ; thus, if complete balance is -to be 

obtained by use of shielded horn alone, the -unbalanced 
control must have the ratio C^/Cj^ = O.7. Inasmuch 

6 r 

as this ratio appears to give a value of C h higher than 

a 

found with most control surfaces, some other type of 
balance is required to reduce C^ to give the ratio 

5 r 

desired. Several types of balancing device may be used 
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including internal balances, overhang, or balancing tabs; 
however, any balancing device that reduces Ch a about 

the same amount as Qh cannot be used. The results 

•Pr 

of this study indicated that for the XFoF vertical tail 
surface it is possible to reduce Ov, to about 

50 percent of the unbalanced value without obtaining 

positive values of O n large enough to give steady 

a 

oscillations . 

Tuft stud y. m Figures 16 and 17 give some of the 
results of the tuft study of horns 2-c and 2-d, respec- 
tively. These photographs show the flow characteristics 
over the two horns at several rudder deflections and two 
angles of attack. The results indicate little difference 
between the two nose shapes, blunt-nose horn 2-c and 
mediuni-nose horn 2-d, except at zero rudder deflection 
and zero angle of attack, .^or which the medium nose shows 
unsteady flow over the leading edge of the horn. The 
photograph of horn 2-c with a = 0° and <5 r = 0° is not 
.shown, as the tufts all lay straight back. Figure 18 
shows the flow over the tip of the tail surface at sev- 
eral angles of attack with the rudder neutral. 

Pressu r e distribution . - The pressure-distribution 
diagrams frigs'] 19 to 25) give the pres sures over the 
upper and lower surfaces of horns 8 -a and 8-b for several 
angles of attack and rudder deflections. The pressures 
are plotted normal to the chord line of the rudder and 
hern. Although taken at only one 3 pan wise location, 
these pressure curves should be useful in the design of 
shielded horns, as they give a general distribution of 
the loads over the horn. 

The curves indicate that, in general, the medium- 
nose shielded horn 8-b gave lower peak pressures and 
consequently higher critical speeds than the blunt-nose 
horn 6-a. Additional pressure data were taken that 
showed a considerable hysteresis in stall characteristics, 
but the force tests failed to show this effect in the 
rudder hinge moments. This effect might result because 
the rudder shows a hysteresis that compensates for the 
change in flow over the horn. No results that show this 
effect are presented because pressure tests cf the rudder 
are not available and the over-all hinge-moment coef- 
ficients were not changed. 



12 



The pressure plots can also be used to determine 
the local velocity ratio over the shielded horn by means 
of the equation 

v/v 0 * tf£ - t> 

where 

V local velocity at a point 

V Q free-stream velocity 

3y using the curve of figure 22 of reference J and 
the peak pressures found from the pressure -distribution 
tests of horns 8-a and 8-b, the curves of figure 29 were 
estimated. Although the test points shown in figure 22 
of reference 3 do not fall on the curve, later tests of 
symmetrical airfoils show good agreement with the curve. 
The curves of figure 29 show that the reduction of 
critical Mach number with rudder deflection is much less 
for the medium-nose than for the blunt-nose horn, as 
would be expected. Inasmuch as no pressure measurements 
were made over the complete tail surface, it is impose 
sible to determine whether these pressures are critical 
for the tail assembly or for the horn only. Figure 29 
does, however, indicate the critical speeds of the var- 
ious horns plotted against rudder deflection and may be 
useful in determining the horn nose shape. 

Unshielded Horn 

The results of the tests of the unshielded horn on 
the model of the XP€P vertical tail surface (fig. 30) 
show irregularities in the hinge-moment-coefficient 
curves not found in the curves for shielded horns 
(figs. 11 and ll|.). The values of SCfc and AC ha 

for the unshielded horn are plotted in figure 13 and 
agree quite well with the unshielded horns of reference 1. 
The value of ACh-p r falls within the range of 3 for 

* Op 

which there is little difference between the shielded and 
unshielded horns and therefore agrees quite well with the 
medium-nose shielded horns. 

The unshielded horn tested was expected to be too 
large for the XFoF vertical tail but was tested solely 
to obtain a comparison between shielded and unshielded 
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horns of the same span. If an unshielded horn were used, 
It would have to be' considerably smaller and would have 
to have an auxiliary balance device to reduce the nega- 
tive value of Ch rr • 

Dp 

Tab Characteristics 

The results of the tests of the original tab are 
presented in figures 51 to j6 and of the round-nose tab, 
in figures 57 to iik. The original tab is less effec- 
tive in the negative rudder deflection range when the 
tab is deflected negatively than when the tab is de- 
flected positively or when the round-nose tab is used. 
With both the original and the rourd-nose tabs, the tab 
and rudder hinge-moment coefficients indicate that, in 
the high negative rudder and tab deflection range and 
with a near 25°, the tab stalls and shows little change 
in hinge -moment coefficient Oju with rudder deflection 

and in rudder hinge -moment coefficient Ch r with tab 
deflection. As 5t is reduced to zero, the condition 
eases and is improved when the tab is deflected posi- 
tively. In fact, when 6 t is 20°, there is a very 
large increase in Cj^ &s the rudder is deflected 

from -20° to -52°. 

Both the original and the round-nose tabs were 
sealed for some te"sts to determine the effect of the 
seal. Sealing the original tab appears to have changed 
(6c hi y6ot) g from -0.020 to about -0.025 and C htg 

from -0.0070 to -0.0065-. Sealing the round-nose tab 
changed (dCv^yfeet) from -O.025 to about -O.052 and 

Ch4 from -0.005s to -O.OOI4.5. 

'^t 

The data presented for the two trimming tabs are 
applicable to a rudder with any of the horn modifications 
tested. These data should be useful in the design of 
any tab device to reduce the amount of overbalance or to 
be used as an unbalancing tab. The data were taken on 
the rudder with no horn In order that the tab effects 
would be more easily distinguished, as the hinge-moment- 
coefficient curves for the unbalanced rudder are, in 
general, more regular. 



CONCLUSIONS 



An investigation was made in the LKAL 7- &y 10-foot 
tunnel of a 0.7-scale model of the vertical tail surface 
of the ^rumman XP6p airplane. Tests to determine the 
effect on the hinpce -moment characteristics of an im- 
shielded horn, of shielded horns of different chords, 
spans, and nose shapes, and of trimming tabs of two nose 
shapes indicated the following conclusions? 

1. The addition of the shielded horns gave a change 
in hinge -moment variation with angle of attack about 

60 percent as great as unshielded horns for the same 
balance coefficient. (The balance coefficient is the 
square root of the ratio of the product of the horn area 
and mean chord of the horn to the product of the rudder 
area and mean chord of the rudder.) For the shielded 
horns, the change in hinge-moment variation with rudder ' 
deflection was less than for the unshielded horn for 
horns of small balance coefficient and greater for horns 
of large balance coefficient. The ratio of the change 
in hinge-moment variation with angle of attack to change 
with rudder deflection was about 0.7 for the shielded 
horns . ■ 

2. Per the XF6F vertical tail surface the rate of 
change of hinge-moment coefficient with rudder deflection 
could be reduced with shielded horns to about ^0 percent 
of the unbalanced value without obtaining a positive 
value- of the rate of change with angle of attack large 
enough to give steady oscillations of the airplane with 
free rudder. 

3* "^or most tail surfaces it will be impossible to 
obtain a closely balanced surface by means of shielded 
horns and keep the rate of change of hinge-moment coef- 
ficient with angle of attack near zero without the 
addition of some other balancing device of which the 
main function is to reduce the negative hinge moment due 
to deflection. 

k* The pressure-distribution tests shewed that, In 
general, the medium-nose horn gave lower peak pressures 
and consequently higher critical speeds than the blunt- 
nose horn. 
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5. The two tabs tested gave approximately the same 
results. 
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TABLE I.- ORDINATES FOR MEDIUM NOSE SHAPES 

[Spanwise stations in in. from root section. 
Chordwise station* and ordinates in in.] 



Horns 1 and k 



Chordwise 
station 



.OJ 
.08 
.13 

.43 

l$5 
2.43 
2.95 
3.43 
3.76 



Ordinates 



Spanwise station 

4.1.. 01 5^.62 



• 152 
•2U7 

• 556 
.778 
.916 

1.050 

1.066 

1.050 

1.020 



.071 
.US 
.146 
•193 
•259 
.363 
•U27 

til 

4& 
475 



Horns 2 and 5 



Chordwise 
station 



0 

.02 

.05 
.12 
.22 

.72 
1.22 
1.72 
2.29 
2.72 
.72 
.72 
5.22 

.72 
•72 
7.52 



Ordinates 



Spanwise station 

Ij.i.01 5J+.62 



0 

.100 
.186 
.2k2 
.326 
.576 

■M 

.9I+2 

.999 
1.090 

1.133 
1.138 

1.133 
1.090 
1.020 



.of 

.113 
.152 
.268 

• 3lU 
.395 
•439 
•465 
.507 
.526 

• 550 
.528 

.507 
475 



Horns 3 *nd 6 



Chordwise 
station 



0 

.05 
.20 

•3° 
.80 

1.30 

1.80 
2.30 
.30 
.30 
5.30 
6.^0 
6.8O 
'.30 
1.30 
9.30 
10.J0 
10.80 
11.28 



Ordinates 



Spanwise station 
5-1.01 5lj.. 62 
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TABLE II.- SUMMARY OP CHARACTERISTICS 
OF SHIELDED HORNS ON 0.7-SCALE MODEL 
of xp6f VERTICAL TAIL SURFACE 
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3 A LANCE FRAME 

Figure 1.- Vertical- tail-surface setup in LMAL 7- by 10-foot tunnel 
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igure 2.- Three-quarter front view of installation of 0.7-scale model 
of XF6F vertical tail surface in LMAL 7- by 10-foot tunnel. 
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Figure 3.- Plan and section views of 0.7-scale model of XF6F vertical tail wi 
plain rudder. (All dimensions are in in. ) 
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Figure 4.- Shielded horn balances tested on 0.7-scale model 
of XF6F vertical tail surface. (All dimensions are in in.) 
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igure 5.- The 0.7-scale model of XF6F vertical tail surface 
with unshielded horn. (All dimensions are in in.) 
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Fig. 6 
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Figure 6.- Tabs tested on 0.7-scale model of XF6F vertical 
tail surface. 
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Fig. 7 
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Figure 7.- Location of pressure orifices on horns 8-a and 8-b 
on 0.7-scale model of XF6F vertical tail surface. 
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Fig. 8 
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F/gure 8. - Aerodynamic characteristics of 0- 7- scale model of XT 6F vertical 

tail surface. Plain rudder. S t = 0°. 
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Figure 9 . -Aerodynamic characteristics ofOJ-scale model of XF6F vertical tail surface . 
Plain sealed rudder. Original fab > = 0°. 
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Fig. 10 
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Figure 10 r Effect of fixing trans/ 1 ion on the aerodynamic characteristics of 
0.7- scale model of XF6F vertical tail surface. Plain sealed rudder Original 
tab-, St = 0°. 
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Figure II .-Aerodynamic characteristics of 0.7-sca/e model of YF6F 
vertical tail surface with shielded horn 2~a. Rudder gap scaled. 
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Figure 12 ^tlinge- moment character/5tic5 of the 07-5ca/e mode/ of XFGr vert /cot fa// surface 
with several shielded -horn bolance5. Rudder gap sealed. 
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Fig. 12b 
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Figure 12 - Conc/uded. 
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Figure 13.- Venation of AC h(r and ACh r 

with ba/ance coefficient 8. 6r 
Shield eJ /70/Y75 0/7 0.7-scale model 
of XF 6 F vertical tail. 
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Fig. 14 




Angle of attack ,cc, deg Angle of attack, cc ,deg 

Figure It -Aerodynamic characteristics of 0. J- scale model ofXFbF vertical 
toil surface with shielded horn 6-a. Rudder gap sealed. 
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Figure 15 Aerodynamic characteristics of 07- scale model ofXF6Fvertical tail 
surface w/th shielded horn 6 -h. Rudder gap sealed. 



NACA 



Figs. 16a.b.c.d.e 




Figure 16.- Tuft study over upper surface of 0.7-scale 
model of XF6F vertical tail with horn 2-c. 
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Figure 16.- Concluded. 
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Figure 1?.- Tuft study over upper surface of 0.7-scale 
model of XF6F vertical tail with horn 2-d . 
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Figure 17.- 



Concluded . 
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Fig. 18 






Figure 18.- Tuft study over upper surface of O.^-scale 
model of XF6F vertical tail with horn 2-d. Rudder 
neut ral . 
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Fig. 19a 




F/gure 19.- Pressure ct/otn but/on overhom d-o on o.7-xa/& 
model Of XF6F i/ert/co/ tail- aC> -8' 
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Fig. 19b 
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Figure ZOr Pressure distribution ever horn d-oon OJ-scq/e 
mode/ 0fXF6F YerticQ/ tut. o\ 
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Fig. 20b 
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figure 21.- Pressure distribution onsr horn S-O on 0.7-jaak 
mock I 0TXF6F vertical tail. <Z=8' 
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Fig. 21b 




Figure 21.- Concluded 
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Fig. 22a 
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figure 2Z- Pressure distribution over horn 8-0 on 0.7-scale, 
model ofXF6F vertical tail. ac=J6* 
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Fig. ?.2b 
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Fig. 23a 
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Fiqure 2,3- Pressure distribution over horn Q-a on 0.7- scale 
mode/ Of XF6F vert /col tail. az=24; 
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Fig. 23 
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Fig. 24a 
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Fig. 2 
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ragure <25r Pressure distribution oter horn 8-b on OJ-sak. 
model of XftF vertical fa// dC- 0'. 
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r/gure 26 -Pressure tf/str/bvt/ar? wer fiorn 8-6 or? 07-scq/e. 
rmcfe/ OfXfSf ri?rt/cq/ TqJ/ surface.. aC=8* 
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Fig. 26b 
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Fig. 27a 
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figure 2.1 - Pressure distr/bufion o^er horn 8-b on 0 
mods I Of XF6F vertical tail surface. d:=16 % 
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Fig. 27 
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figure 28.- Pressure distribution over horn S-bon 0.7- scale, 
moclel Of XF6F vertical toil ^suribce . OZ'24' 
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Fig. 28b 
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F/qure 29.- Varidt/on of cr/f/cal Mach 

number with rudder deflection 
for two shf elded horns on 0.7- scctle. mode.! 
of vert /ca/ tail surface . 0C=0°. 
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Figure ^-.Aerodynamic characteristics of 0.7-sca/e model of XF6f vertical tail surface 
wrth unshielded horn . Rudder gap sealed . 6 t =C°. 
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F/gure 3 1.- Aerodynamic characteristics of0.7 L scalemode/ofXF6Fverf/cal toil 
surface. Plain sealed rudder. Original tafy 6 ± -- -20° 
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Figure 32r Aerodynamic characteristics ofOJ-scale model of Xr~6Fverf/cal tail surface. 
Plain sealed ru dder. Original fa b; S t - -10°. 
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F/gare 33 .-Aerodynamic characteristics of ' 07- scale model of XF6F\iertical ta\\ 
surface. Pla/n sealed ru dder. Or/gmal tab ; 6 t -10°. 
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Figure if.- Aerodynamic characteristics of 07- scale model of XF6F vertical fa\\ 
surface- ffa/n sealed rudder. Original fcrjb) S t - 20.° 
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Figure 35. -Aerodynamic characteristics of 07 -scale model of XF6F vertical tai/ surface. 
Plain sealed rudder. Original tab sealed ) S t =dO.° 
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Figure 36. -Aerodynamic characteristics of OJ-sca/e model of XF6T vertical tail surface. 
Plain sealed rudder. Or/ginal tab seated } 8 t --0°. 
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figure 37. -Aerodynamic characteristics of 0.7- scale model ofXFQF vert cat tail surface. 
Plain sealed rudder. Round nose fab; 6 t =-2.0°. 
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Figurc3&-Acrodynamfc character/ sties of 07-s rale model of XF6Fvertical tail surface. 
Plain sealed rudder Round-nose tob;S t = -/0: 
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Figure 39.-Ac rody/wmic characteristics of 07-s cat model of XF6F vertical to// surface. 
Plain sealed rudder. Rou nd-nosetabfi t = 0°. 
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Fig. 41 




Figure il .-Aerodynamic characteristics of 0.7- scale model of XT 6F vertical toil surface. 
Plain sealed rudder Round-nose tab-, 8 t =2.0°. 
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Figure f 2.- Aerodynamic characteristics of 07- scale model ofXF6Fvert/cal tail surface. 
Pla/n sealed rudder. Round-nose tab sealed - y $±=-10°. 
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Figured .-Acrodynom/c characteristics of OJ- scale model of XF6F vertical ta/ 
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characteristic s of 0.7- scale model of XF6F vertical tail surface. 
Round-nose tab sealed-, S t = IC° 



